Abstract
3 simulated the effect of genetic drift after each generation in the forward equation via 23 multinomial resampling for all independent sites. We let each simulation run independently 24 for 200 generations with and without selection in all four populations. Most trajectories converged to equilibrium much earlier than 200 generations. We generated 100 replicates.
1
From the resulting set, we applied Bayenv2 as described above to the neutrally as well as to 2 the adaptively evolving sites. We assessed the power by describing the proportion of 3 correctly identified adaptive sites with a BF above the threshold obtained from the 4 distribution of neutrally evolving sites (see Figure S3 ). From the simulations of the putative 5 adaptive history of CCRT, we obtained a power of about 43% at a (neutral) acceptance 6 threshold of 0.05. Thus, we believe that we are able to achieve sufficient power to detect For gene and SNP annotation, we used the perl script from Ensembl's Variant Effect explained by their demographic history and that adaptive forces need to be invoked. At the 20 same time, the marginal significance displayed in some pairs of populations for CCRT, and 21 no significant enrichment of F ST for SR (Table 3) 
Environmental correlation with trait-associated SNPs

3
Next we used BFs instead of F ST and repeated the resampling approach, to test for an 4 enrichment of high BFs in the associated SNPs. We tested fewer SNPs using Bayenv2 5 compared to F ST , because fewer SNPs were polymorphic across all the populations tested. 6 Nevertheless, the Bayenv2 results mostly follow qualitatively the results of the empirical F ST 7 observations in that CCRT-associated SNPs were the most likely among the three traits to 8 have BFs higher than the genomic background (Table 4 ). In the case of CCRT, we detected 9 enrichments for altitude (P empirical = 0.015) and for coldest month minimum (P empirical = 10 0.001). For correlations with yearly minimum temperature, the empirical P-value of BFs 11 associated with CCRT was still marginally significant (P empirical = 0.066), while latitude and 12 both yearly maximum temperature and the hottest month minimum showed no significant 13 correlation. Additionally, the SNPs associated with RSS and SR generally do not show a 14 significantly higher correlation with environmental variables (higher BFs) than the genomic 15 background (Table 4) .
16
The magnitude of BFs conveys information on the likelihood of a site being under 17 selection (e.g. a BF > 1 means that selection is more likely than neutrality). BFs are a much 18 more stringent measure of the likelihood of selection than pairwise F ST . For example, when 19 we imposed a cutoff of ln(BF) > 1 (positive evidence as suggested by (Kass & Raftery 1995) 20 or P < 0.0063 from our simulations), only one CCRT-associated SNP (chr2R_18586714) was 21 still significantly correlated with environmental variables (P < 0.0039). For instance, 22 chr3L_6723212 was not significant with this cutoff (BF between 0.46 for env2 and 2.46 for 23 env5), even though its F ST ranges from 0.44 (FR-RG) to 0.73 (NL-ZI). Note that a cutoff of 1 ln(BF) > 1 corresponds to P < 0.0063 according to our neutral simulations. Many genes related to cold tolerance are enriched for SNPs with high BF and F ST values 4 We retrieved a list of genes that are known to be related to cold or heat tolerance from the 5 literature (see Table S2 , Table S4 Table S2 for references for each gene and the techniques used in each study).
10
We quantified the number of SNPs with significant F ST outlier (Table S4) 
15
Even more strikingly, 13 of these genes contained SNPs with strong evidence (ln(BF)>3,
16
(Kass & Raftery 1995) or P < 0.0043), which means that a model including selection is about 17 20 times more likely than neutrality at multiple loci within these genes.
18
We used the VEP tool to retrieve functional annotations of the top 1% SNPs from the In(2L)P). It is therefore unlikely that these inversions would have a noticeable effect on our 10 inferences.
11
Clinal genes in Europe overlap with clinal genes in North America
12
We mapped the SNPs with extremely high BFs (ln(BF)>5, as reported by Bayenv2; P < Table 5 ). We found a total of eight candidate genes ClueGO and CluePedia plugins, we integrated our candidate genes into GO networks and 21 networks with KEGG/Reactome metabolic pathways. Table 6 shows the results of the
22
ClueGO analysis for our latitudinal selection candidate genes (N = 378). ClueGO resulted in 23 111 significantly enriched GO terms (for the 20 most highly enriched categories, see Table S6 ). These categories are grouped into clusters using Cohen's Kappa statistics, based on their 1 shared genes ( Figure S4 ). Many terms that were grouped in these clusters could be related to 2 various aspects of the nervous system, epithelium, wing, and tube development, and cover clusters were enriched in at least one population pair of the North American cline (Table 6 ).
8
We further wanted to know if these overlaps could be generalized to the total set of 9 enriched GO terms for all the population pairs from North America. some overlap between the Kappa-defined clusters, which were defined according to the most 13 significant GO term in the cluster. candidate genes from other studies, and added information from GO enrichments of those candidate genes, as well as our own. In the following, we discuss the results of these 1 approaches, particularly in the context of selective forces and fitness trade-offs, and finally 2 propose an adaptive network of genes in the core of the complex cold tolerance phenotype. Evidence for adaptation to cold tolerance from GWA studies 5 We started our analysis by quantifying the amount of population differentiation at SNPs 6 associated with CCRT, RSS, and SR. Each of the three traits has an important adaptive role.
7
It is possible that the observed difference in average F ST between the three traits is due to 8 different fitness trade-offs among the traits. We know from previous studies that RSS is additional fitness cost on RSS due to food being naturally preserved by colder temperatures.
10
Evidence from candidate genes from literature
11
The second line of evidence for adaptation comes from our study of candidate genes 12 previously described in the literature (Tables S2-S3 Europe involved a strong direct response to cold, but also changes in development, mating 9 behavior, oxidative stress, locomotion, reproductive diapause, learning, and memory.
10
Functional studies of these genes in the context of cold tolerance are needed to confirm these 11 findings. Also, future studies of local adaptation to cold should take into account the 12 intricacies of different selective pressures that may be operating on many genes across the 13 genome simultaneously. 
Data accessibility
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DNA sequences of FR and RG populations were downloaded from: http://www.dpgp.org.
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Further data and scripts are available from Dryad (doi:10.5061/dryad.20t9v). Asterisks indicate significance threshold (P < 0.05 (*); P < 0.01 (**); P < 0.001 (***)). Clinal genes (significant) 6 3251 0 -
